Abstract-The north-south (N-S) asymmetry of the solar activity (A), which reflects differences in the behavior of the northern and southern hemispheres of the Sun, is studied using data on the brightness of the coronal green line, the total number and area of sunspots, and the net magnetic flux. The spatial and temporal distributions and correlations between the A values represented by these indices are considered. The characteristic time variations in A are similar for all the indices, on both long and short time scales. Quasibiennial oscillations (QBOs) can be traced in the asymmetries of all four indices. A detailed study of the QBOs is carried out based on spectral-variation and wavelet analyses. Long-term increases and decreases occur synchronously in the asymmetries of various indices and are much more pronounced in A than in the indices themselves. A negative correlation between the power of the QBOs and the asymmetry of A can be traced; it is most clearly manifest as a substantial diminishing of the QBOs during the mid-1960s, which coincided with an especially strong increase in A. Our analysis shows that the N-S asymmetry is probably a fundamental property that controls the coupling and degree of coincidence between the magnetic-field-generation mechanisms operating in the northern and southern hemispheres.
INTRODUCTION
Over the long period in which solar activity has been investigated, the Sun has usually been treated as a single object, without division into hemispheres. It has been assumed that solar processes occur in the same manner in the northern and southern hemispheres. Numerous solar-activity indices have been introduced for the Sun as a whole-the Wolf number, the number of polar faculae, the full radio flux, etc. This approach made it possible to reveal the basic properties of the solar cycle. Nearly synchronous cyclic variations were detected in the behavior of various indices reflecting manifestations of activity at all levels in the solar atmosphere, from the photosphere to corona. Similar cyclic variations were also traced in interplanetary space and in geomagneticactivity indices. Various theoretical concepts, such as the theory of the differential rotation of the Sun, the dynamo theory, and helioseismology, were developed assuming that both solar hemispheres were identical.
However, it gradually became clear that the northern and southern solar hemispheres do not display quite the same behavior. The time variations in various solar-activity indices demonstrate phase and power mismatches between the two hemispheres over intervals of several months to several years. These differences are manifest in numerous solar-activity indices and are commonly described as the northsouth (N-S) asymmetry. The differences represented by the N-S asymmetry are small compared to the indices themselves. It is noteworthy that, for a fairly long time, many investigators were inclined to consider this asymmetry an artifact resulting from observational errors and statistically insignificant fluctuations of measurable quantities. For this reason, even the recent study [1] opened its list of basic conclusions with the statement that the N-S asymmetry of sunspot areas is indeed statistically meaningful and represents a real phenomenon.
Although the asymmetry has been studied for a considerable time, its nature remains unclear, and the identification of new observational facts reflecting various aspects of this interesting phenomenon is still in progress. The sunspot asymmetry has been studied most thoroughly, using sunspot areas and some other sunspot indices over various time intervals (see, e.g., [1] [2] [3] . The asymmetries of many other solaractivity indices describing filaments, prominences, unsteady solar phenomena, and geomagnetic activity have also been analyzed. Knaack et al. [4] recently considered asymmetry in the solar magnetic field. A fairly detailed review of studies of the asymmetries in various indices can be found in [1, 3, 5, 6] .
A number of characteristic features of the asymmetry have been revealed. In particular, a number of studies have noted that the northern hemisphere was much more active over a long period during the second half of the 20th century. Quasiperiodic oscillations in the wide range of frequencies were detected in the asymmetries of various solar-activity indices (see, e.g., [1, 4, 7, 8] ). Furthermore, due to the presence of this asymmetry, the active longitudes do not coincide in the northern and southern hemispheres, and observations even suggest that they are antipodal [9, p. 264] .
Some studies have compared the asymmetries in different solar-activity indices [2, [10] [11] [12] . These results suggest that the asymmetry behaves similarly in various indices and on various temporal and spatial scales. One of our areas of study is the verification and investigation of this hypothesis.
We consider here the asymmetries in four different solar-activity indices over a relatively long time interval. We have chosen the brightness of the coronal green line I, the total sunspot area S p , the total sunspot number Q, and the net magnetic flux Φ for this study.
We consider (1) the spatial and temporal distributions of the N-S asymmetries for various solar-activity indices and correlations between these asymmetries on both short and long time scales;
(2) QBOs in the asymmetry of the activity indices and the spatial and temporal distributions of these QBOs; comparisons of the QBOs in the asymmetries with the QBOs in the activity indices themselves; (3) the relationship between the power of QBOs in the asymmetry and the magnitude of asymmetry [itself] .
Our results show that the N-S asymmetry is a very significant and informative parameter of solar activity. The Conclusion presents a discussion of problems related to this phenomenon.
CHARACTERIZATION OF THE CHOSEN ACTIVITY INDICES AND DATABASES
An important property common to the chosen indices is that they all describe the activity of the Sun at a specific point on its surface. Most other indices are either integrated and so related to the entire Sun (the total flux of solar radiation, the total radio flux, etc.) or characterize nonstationary processes (the number, intensity, and coordinates of solar flares and coronal mass ejections), which are beyond the scope of our consideration. Digitized filtergrams of the solar disk are not readily available, and high-resolution radio maps have become available only fairly recently. Another important property of the indices we have chosen is that the corresponding series of observational data are long. The database of coronal green-line brightness measurements encompasses more than 5.5 activity cycles. Data on sunspot parameters and numbers are also available for this same period. Information on the total magnetic flux reduced to a uniform system is available starting from 1975 and so covers 2.5 cycles.
The brightness of the FeXIV λ 530.3-nm coronal green line, I, is a very convenient index that can be used to study solar activity and its asymmetry in the corona. An important advantage of the index I is that it can be determined virtually simultaneously for all heliographic latitudes. This index provides a uniform and contiguous digital field for all points of the disk over a long time interval based on regular observations. In this respect, it stands out from, for example, the Wolf numbers and sunspot areas (which emerge at low latitudes only) or the numbers of polar faculae (which reflect solar activity at high latitudes). The database used contains green-line intensities for each day in steps of 5 • in position angle, referenced to a 60 height over the limb.
Sunspots can be used to study the solar activity at the photospheric level. The advantage of sunspot indices is their relatively long data series, which appreciably overlaps with the time covered by green-line observations. Naturally, these indices can be used to study the activity of the Sun and its asymmetry in the equatorial zone only, at latitudes of up to ∼30 • . We consider here two indices characterizing the sunspot activity the total area S p and total number Q of the sunspots. We emphasize that we used the total number of sunspots rather than the traditional Wolf number. As will become clear below, the total sunspot number is an independent and very interesting index, which, in many cases, correlates better with the green-line asymmetry parameters than, for example, the sunspot areas or Wolf numbers. As follows from the studies of Kopeck´y and Kuklin (see the monograph [9] and references therein), the indices S p and Q are related to the primary sunspot-formation indices in different ways.
Like the green-line brightness I, the magnetic flux Φ can, in principle, be determined for every point of the solar surface. In contrast to the sunspotactivity indices, this characteristic of the magnetic field is a continuous quantity. The magnetic flux is the main characteristic of the solar magnetic field, which determines all elements of solar activity, including the coronal structure and sunspot formation.
We used the following databases in our study. are reduced to a single photometric system; the technique used to unify the data is described in [13] [14] [15] , and a description of the database is also given in [16, 17] .
(2) The total sunspot area. The monthly averages were calculated from the data of the Greenwich Observatory obtained via the Internet.
(3) The total sunspot number was also calculated from data of the Greenwich Observatory available via the Internet.
(4) The net magnetic flux. Data on the magnetic flux at the photospheric level are obtained from magnetic-field observations carried out at the Kitt Peak Observatory, (ftp://argo.tuc.noao.edu/kpvt/synoptic/mag/), in the form of synoptic magnetic-field maps, which cover the interval 1975-2001, (ftp://nsokp.nso.edu/kpvt/synoptic/). Direct measurements yield the line-of-sight component of the magnetic field. Based on the assumption that the photospheric magnetic field is radial with respect to the solar surface, the observed values are divided by the cosine of the heliographic latitude. We used here the mean magnetic-flux values for each Carrington rotation and each 10 • latitude zone.
Thus, the activity indices whose asymmetry we consider correspond to different manifestations of solar activity. Unified statistical-analysis techniques were applied to all these data. This makes it possible to compare the results obtained for objects resulting 
VARIATIONS OF THE ASYMMETRY IN VARIOUS SOLAR-ACTIVITY INDICES ON SHORT AND LONG TIME SCALES
We determined the asymmetry indices in the standard way, A = (N − S)/(N + S), where N and S are the corresponding activity indices for the northern and southern hemispheres. For our particular investigation, we needed the mean asymmetries for specific intervals of time and latitude. Since A depends nonlinearly on N and S, we must define the adopted procedure for averaging A. When deriving the mean asymmetries, we first found the monthly average (for the green-line brightness and net magnetic flux) or monthly summed (for areas or sunspot numbers) solar-activity indices for the chosen latitude zone in the northern and southern hemispheres separately, then calculated A according to the above formula. In some cases, we also smoothed the resulting asymmetry values; this will always be specially indicated in the text.
Normally, the N-S asymmetry refers to the difference between the entire northern and southern hemispheres. However, as is well known, the solar activity exhibits a zonal structure. For this reason, we found it expedient to use a latitude-dependent activity index. In doing so, we took N and S to be the values of a given index for solar latitude zones placed symmetrically about the equator. Figure 1 shows latitude-time diagrams for the asymmetries in three of the activity indices considered the net magnetic flux, coronal green-line brightness, and the total sunspot area. The long-term, largescale asymmetry variations are shown here. The upper two diagrams were constructed using the semiannual mean asymmetry values for 10-degree latitude zones. The lowest panel was constructed by calculating the semiannual mean asymmetries for the total sunspot numbers in the three latitude zones 0 • −10 • , 10 • −20 • , and >20 • , then averaging using a ninthorder polynomial using the Savitzky-Golay method (see http://www.mathworks.com). This method suppresses noise but preserves high-frequency components. This averaging was needed to reveal largescale variations in the asymmetry, since the asymmetries of areas and sunspot numbers undergo broader variations than the asymmetries of the other indices (for example, A can reach ±1 in periods when there are no sunspots in one hemisphere); thus, the map would be fairly "noisy" without such averaging. Figure 1 demonstrates that the asymmetries in these indices vary similarly over the entire latitude range (although the A values themselves are different). This can be seen from the alternation of dark and light strips, which is similar in all three diagrams in Fig. 1 . Note that the asymmetry in the total sunspot number (which is not presented here) is virtually identical to the asymmetry in the sunspot areas (shown in the lowest diagram). During the first half of the time interval considered, the corona was generally brighter in the northern than in the southern hemisphere. The opposite was true during the second half of the interval, although the asymmetry was considerably less pronounced. In other words, positive asymmetry (with the northern hemisphere exceeding the southern hemisphere in brightness) was predominant in 1939-2001. A substantial increase in the asymmetry was observed in 1965-1968, as has repeatedly been noted before [11] . The vertical strips in the latitude-time diagram result from nearly simultaneous changes in the asymmetry at all latitudes. We demonstrated this effect previously for the time variation of the N-S asymmetry of the green-line emission in 10-degree latitude zones [18, 19] .
We also considered another sunspot-activity index: the traditional Wolf numbers [19, Fig. 3 ]. The cyclic variations in the sunspot number, green-line brightness, and sunspot area were considered for the northern and southern hemispheres separately. The asymmetry indices for these three parameters increase or decrease nearly simultaneously, and their variations correlate well in terms of power on both long and short time intervals. All three parameters demonstrate that the northern hemisphere dominated during the first half of the considered time interval and the southern hemisphere during the second half. This provides evidence for a long-period wave with a period of about 40 years in the variations, as has already been mentioned in some previous studies [1, 7] . Figure 2 shows the variations in the asymmetries calculated from the four activity indices averaged over the zone of spot formation, 0 • −30 • . This figure was constructed by first calculating monthly mean A values for all the indices, then smoothing them using the Savitzky-Golay technique with a 13th-order polynomial. Figure 2 shows that the resulting curves are very similar, even in specific small details. For example, an asymmetry increase in 1965-1968, a decrease near 1983, and a sharp asymmetry outburst in 1986 are clearly visible in all the indices. Table 1 presents the pair-correlation coefficients for the asymmetries in the indices; k A (X, Y ) denotes the correlation coefficient for the asymmetries in indices X and Y . Figure 3 (left) shows the same asymmetry indices subjected to a running-averaging procedure with a 49 month window. In contrast to Fig. 2 , the highfrequency component is removed, leaving only the slowly varying component. We can see from Fig. 3 that the asymmetry curves are likewise similar in all their large-scale features. This similarity is reflected by the very high correlation coefficients for pairs of indices:
The presence of several maxima and minima in the left-hand graph in Fig. 3 suggests the existence of a quasiperiodic wave with a period of ∼12 yr. It is important to realize that, although this smoothing procedure reveals the 11-yr cyclic variations in the activity indices themselves, these variations do not display a correlation as high as that for the asymmetry. In particular, while k A (S p , I) = 0.95, the correlation coefficients for the smoothed indices themselves taken separately for the northern and southern hemispheres are 0.76.
The right-hand graph in Fig. 3 represents the paircorrelation coefficients for the asymmetries in the four indices as functions of latitude. The green-corona brightness and magnetic flux are taken for 10-degree latitude zones, while the area and total number of the polar zone is predominantly controlled by largescale fields, while the green-corona brightness is substantially affected by local fields at all latitudes. It should, however, be kept in mind that we calculated the magnetic flux using observations of the line-ofsight magnetic field, which is essentially tangential at high latitudes. Thus, the increases and decreases in A for all four activity indices here are essentially simultaneous and correlate well in magnitude on both long and short time intervals.
Our analysis in this section demonstrates that the asymmetry represents a general phenomenon in the Sun, which is manifest simultaneously and in nearly the same way in different indices. It is this property that substantially distinguishes the asymmetry from the activity indices themselves. We find evidence that the asymmetry is a fundamental characteristic of solar activity, which determines the degree of coincidence between the processes of magnetic-field generation in the two hemispheres.
QUASIBIENNIAL OSCILLATIONS IN THE N-S ASYMMETRIES OF VARIOUS INDICES
The QBOs are among the most interesting periodic oscillations observed in the solar activity. There have been fairly numerous studies devoted to the QBOs in recent years (see references in [20] ). It has even been suggested that the QBO phenomenon is no less important than the 11-year solar cycle. There are grounds to believe that the QBOs are related to processes near the base of the convection zone with similar periodicities. Obridko and Gaziev [21] have shown that QBOs are clearly manifest in the asymmetry of magnetic fields inferred from Hα data. Oscillations in this frequency range were also detected by Knaack et al. [4] . The time variations shown in Fig. 2 indicate that short-period oscillations are present in the asymmetry variations. Even without a more detailed analysis, we can see that the characteristic time scale of these oscillations is about 1.5-3 yr. A Fourier analysis testifies to the presence of quasibiennial variations in the spectrum of the asymmetry. Consideration of oscillations with periods ranging from 15 months to 4 yr for three latitude zones indicated that the oscillations in the spot-formation zone, 0 • −30 • , are enhanced in the period range 2.2-2.5 yr. At high latitudes, 60 • −90 • , two peaks can be identified, near 2.5 and 3 yr. At middle latitudes, 35 • −55 • , the oscillations do not exhibit well-pronounced maxima, suggesting that, if QBOs are present in this latitude zone, they are much weaker than at lower and higher latitudes.
We used a spectral-variation analysis (SVAN) to study the time and latitude dependences of the QBOs. We employed an original SVAN code, which, in contrast to widely used codes described in the literature (see, e.g., [23] ), includes normalization to a standard value (division by the standard deviation). This normalization reduces all oscillations to a single scale, with the sum of the squared amplitudes being unity in any spectrum. This enables us to compare the SVAN results for processes that are described quantitatively using different units.
A SVAN consists of successive Fourier decompositions over running time intervals. A Fourier decomposition is calculated for a time window of a chosen length, after which this window is shifted by some time interval and the entire procedure repeated. The resulting expansions are then used to construct a general map of the oscillation amplitudes (SVAN diagram) in time-(oscillation period) coordinates. We used the mean monthly asymmetries for our analysis, with a running window of 132 months and a time shift of 12 months. Normalization to the standard deviation was done in each window. We determined the amplitudes of oscillations with periods of 6-44 months. Although the relative power of any oscillation is characterized by its squared amplitude, analyzing the amplitudes themselves is more convenient in some cases. Obviously, such a representation of the results cannot affect the conclusions. We will always specify below which quantity is presented in figures and tables. and 1950s. On the other hand, the QBOs are always weak at latitudes of 50 • −60 • , and QBOs were virtually absent at all latitudes in the 1960s. Note that the asymmetry was very strong precisely during this period. Figure 5 shows maps of the time and latitude distributions of the squared amplitudes of the QBOs observed in the asymmetry of the coronal green-line brightness. We summed the squared amplitudes for three oscillation periods that roughly correspond to QBOs (18.86, 22 .0, and 26.4 months). Darker areas correspond to higher amplitudes, with black denoting values exceeding 0.12. We can clearly see that (a) the QBOs are enhanced during the second half of the time interval studied (after 1970), (b) the QBOs are more pronounced at low than at high and, even more so, than at middle latitudes, and (c) we can identify several vertical strips indicating that the QBOs in the asymmetry are enhanced or weakened at all latitudes (∼1500 day) period can also be identified in the wavelet diagrams, which is especially pronounced in the magnetic-flux values near the maximum of cycle 22 in 1990 [19, Fig. 5 ]. Figure 6 presents SVAN diagrams for the asymmetry of the indices S p , Q, and I at latitudes of 0 • −30 • . The features detected in the asymmetry of the green-line brightness can also be seen in the asymmetry of these other activity indices. In particular, the decrease in the QBO amplitude during the 1960s and the substantial increase during and after the 1970s can be traced in the asymmetries of the sunspot area S p and the total sunspot number Q. There are also other periods of QBO enhancements in the spot-formation zone. Of course, the similarity of the SVAN diagrams for the asymmetries in S p and Q is quite natural, although, as is noted above, these indices are not equivalent, and the parameters relating them are time-dependent [24] . At the same time, the SVAN diagram for the green corona also exhibits a general similarity with the other two SVAN diagrams, although complete agreement could obviously hardly be expected in this case.
In addition to the SVAN diagrams for the activityindex asymmetries at latitudes of 0 • −30 • , we constructed SVAN diagrams for the indices themselves, the total sunspot area S p , total sunspot number Q, and the green-corona brightness I (Fig. 7) . First and foremost, we note that the SVAN diagrams for these three solar-activity indices are considerably less similar than the the SVAN diagrams for the asymmetries in these same indices (cf. Fig. 6 ). However, the most important difference is that, unlike Fig. 6 , these diagrams do not reveal pronounced QBOs in the activity indices themselves. A comparison of Figs. 6 and 7 indicates that the QBOs are much more clearly manifest in the asymmetries than in the solar-activity indices themselves. In addition, the entire range of variation of the oscillation amplitudes, indicated on the right in Figs. 6 and 7 , is a factor of 1.5-2 smaller for the indices than for their asymmetries. Table 2 compares the correlation coefficients for the sums of the three squared amplitudes in the QBO range (periods of 18.86, 22.0, and 26.4 months).
A pair-wise comparison is presented for the correlation coefficients of the sums of the squared QBO amplitudes in the spot-formation zone, 0 • −30 • , obtained for the asymmetry, k As (X, Y ), and for the indices themselves, k s (X, Y ).
We can see from Table 2 that (i) the paircorrelation coefficients for the asymmetry are statistically significant, while the correlation coefficients for the indices exceed 3σ only in the last row, and (ii) the correlation coefficients for the asymmetry are definitely higher than for the activity indices themselves. This is especially clear when comparing the asymmetries of the coronal green-line brightness and the total sunspot number.
It has been repeatedly noted in the literature that oscillations observed on the Sun include those with characteristic time scales of one to two years, QBOs, and the 11-year cycle. The relative contributions of oscillations within these ranges to the overall spectrum for oscillations from 1 month to 63 yr is of interest. We calculated the sums of the squared amplitudes in the spot-formation zone for various frequency ranges in the Fourier spectrum (recall again that the sum of the squared amplitudes of all oscillations is unity), then isolated intervals in the observed spectrum corresponding to oscillations with periods of about 1-2 yr (range I), 1.5-3 yr (range II), and 8-16 yr (range III) ( Table 3 ).
The 11-year cycle is predominant in the activity indices. The oscillation power in range III exceeds 30% of the total power of all the oscillations in the spectrum. At the same time, the oscillations in the quasibiennial (II) and high-frequency (I) ranges are a factor of 20-30 weaker. The situation changes radically when we consider the asymmetry spectrum. In range III, the relative power of oscillations in the asymmetry is a factor of 5-10 lower than the power of the oscillations in the activity indices. On the other hand, the oscillations with periods of 1.5-3 yr and 1-2 yr are enhanced by a factor of 3-5, and become comparably significant to the roughly 11-year oscillations. 
RELATION BETWEEN THE ASYMMETRY AND ITS QUASIBIENNIAL OSCILLATIONS
A comparison of Figs. 5 and 1 suggests the presence of a general large-scale anticorrelation between the asymmetry and the power of its QBOs. This is also supported by other tendencies that can be distinguished in these figures. In particular, the interval of weakened QBOs during the 1960s coincides in time with an increase in the asymmetries in the greencorona brightness and the areas and total number of sunspots. We conclude that a negative correlation between the QBO power and the asymmetry amplitude A can be traced over the entire time interval and over all latitudes.
The left-hand graph in Fig. 8 shows the relationship between the sum of the amplitudes of the QBOs observed in the green-line brightness asymmetry for latitudes 0 • −30 • and with periods from 18.8 to 26.4 months and the mean asymmetry in the running window of the SVAN analysis. The correlation coefficient for the negative correlation between these quantities at these latitudes is 0.82 ± 0.05.
The negative correlation between the relative sum of the QBO amplitudes and the asymmetry magnitude can also be traced in all other latitude zones. The latitude dependence of the correlation coefficient is shown in Fig. 8 (right) . The highest correlation coefficients occur at 10 • −20 • and 60 • −70 • . These two regions are separated by a narrow zone (40 • −50 • ) where the correlation coefficient is very low. Note that the asymmetry in the green line reaches its maximum in 1965-1968 precisely near this zone (Fig. 1) . Furthermore, high-frequency oscillations disappear almost completely in this zone. Note as well that the boundary delimiting the regions of low-latitude and polar magnetic fields is located in this same zone.
The fact that the relationship between the relative QBO power and the asymmetry amplitude typified by the left-hand graph in Fig. 8 holds even in regions where the southern hemisphere dominates (i.e., the asymmetry is negative) appears somewhat strange. It would be more natural to see a similar relationship between the absolute value of A and the QBO power. Since there were virtually no intervals with large negative asymmetries during 1939-2001, we continued our analysis of this problem using a long series of data on the areas and total numbers of sunspots covering the period 1874-2002 [24] . We have shown that precisely the absolute value of the asymmetry for the index A is important, and that the QBO power also decreases with increase in this quantity, in regions of both negative and positive A values [24, Fig. 4 ]. Unfortunately, Figs. 2 and 3 in [24] , which are similar to the upper two graphs in Figs. 6 and 7 here but refer to the longer period of 1874-2002, were spoiled in printing and cannot be used.
CONCLUSION
We have analyzed the north-south asymmetry A using four different indices characterizing the activity at various levels of the solar atmosphere: the brightness of the coronal green line, the total sunspot area, the total sunspot number, and the net magnetic flux. Our analysis demonstrates that the N-S asymmetry is a fundamental characteristic of the solar activity, which displays its own trends and is not directly controlled by the cyclic behavior of the solar activity. Thus, the N-S asymmetry is a specific, independent and very promising tool for analyses of solar-activity variations.
We have obtained the following main results.
(1) Similar behavior is visible in the time variations ( Fig. 2; Fig. 3, left) of the N-S asymmetry of all the solar-activity indices considered in the spotformation zone, 0 • −30 • , on both short (1.5-3 yr) and long (∼12 yr) time scales. The northern hemisphere dominates during the first half of the time interval studied (with a well-pronounced maximum in [1964] [1965] [1966] , and the southern hemisphere in the second half.
We emphasize that the solar-activity indices we have considered correspond to completely different solar phenomena associated with completely different mechanisms for the interaction between the magnetic field and matter. In one case, the magnetic field controls the convective motions in subphotospheric layers (sunspots), while, in another, the magnetic field controls the flux of magnetoacoustic waves (coronalheating mechanism). Nevertheless, comparisons between the results for different formations on the Sun testify to a surprising similarity in their asymmetries.
(2) We also calculated the quantity A separately for narrower latitude zones, and considered correlations between pairs of asymmetry values for various activity indices in these zones. The highest correlation coefficient for any pair is reached at latitudes of 10 • −20 • (Fig. 3, right) . The asymmetry in the greencorona brightness correlates well with the asymmetries in the total sunspot number and the sunspot area. This correlation remains significant at high latitudes, where sunspots are not observed. We conclude that the green-corona-brightness asymmetry is determined predominantly by a single parameter, which is related to the local magnetic fields. Conversely, the magnetic-flux asymmetry is determined by two magnetic-field components, as is reflected by the sign reversal in the corresponding curves for high latitudes in the right-hand graph of Fig. 3 . It seems most reasonable to suppose that these components correspond to the local low-latitude fields and largescale polar fields.
The high correlation of the high-latitude coronal brightness with the sunspot numbers may not by itself imply a direct physical relationship between these two phenomena. Many solar processes give the impression that the rhythm of the process is more important than direct energetic control. For example, in our case, the sunspot number may reflect the overall rhythm of the associated solar processes, which governs both the local magnetic fields and the coronal-brightness variations. Since the asymmetry is a difference quantity, it is potentially a sensitive tool for recognizing this overall rhythm.
(3) Quasibiennial oscillations (QBOs) were detected in the asymmetries of all the activity indices considered. We studied these QBOs using an original code for spectral-variation analysis (SVAN), which includes normalization to a standard value. We constructed SVAN diagrams for the green line and magnetic flux in 10-degree latitude zones, which demonstrate the existence of long periods in which there is a steady enhancement or weakening of the QBO power that is virtually simultaneous over a broad range of latitudes (Fig. 4) .
(4) The SVAN diagrams for the spot-formation zone, 0 • −30 • , show that specific features of the quasibiennial variations displayed in the asymmetry of the green-line brightness can also be traced in the behavior of the other activity indices. Similar enhancements can be noted in the QBOs, and coincide in both time and frequency (Fig. 6) . For example, a decrease in the QBO amplitude can be observed in the asymmetries of the sunspot areas and total numbers during the mid-1960s, followed by an appreciable increase during and after the 1970s. QBOs are continuously present in the interval 1970-2000. The correlation coefficients for the correlations between the sums of the squared QBO amplitudes for these three indices reach ∼0.7−0.9. At the same time, the QBOs are not oscillations with a steady period but are instead a combination of pulses with a period of 1.5-3 yr.
(5) We carried out a spectral-variation analysis for the activity indices themselves and compared the results with the SVAN data for the asymmetries. The QBOs are much more pronounced in the N-S asymmetries than in the corresponding activity indices. The amplitudes of the QBOs in the indices are much more weakly correlated with one another than are the amplitudes of the QBOs in the asymmetries: the correlation coefficients for correlations between the QBO amplitudes are as low as ∼0.3−0.55 in this case.
(6) We have discovered the unexpected effect that the manifestation of QBOs in the asymmetries of the studied parameters of solar activity, especially the green-corona brightness, appears to be in antiphase with the asymmetry itself. For example, the substantial increase in the asymmetry of all the activity indices in the mid-1960s is accompanied by an appreciable decrease in the QBO amplitude in all our SVAN diagrams. The negative correlation coefficient for the negative correlation between the sum of the three QBO amplitudes and the green-line asymmetry at latitudes of 0 • −30 • is 0.82 ± 0.05.
On the whole, the nature of the asymmetry of the solar indices remains unclear. As a rule, the most widespread dynamo theories do not include this asymmetry, instead assuming that both solar hemispheres are identical. The asymmetry could be the manifestation of a slowly varying relic magnetic field, but its existence has not been proven in any way, and is doubtful from the theoretical standpoint. To account for the asymmetry, the relic magnetic field should have fairly unusual properties: it should not obey the Hale polarity law and must have a pronounced asymmetric component. A sphericalharmonic expansion of the large-scale magnetic field yields a coefficient that formally corresponds to a quasimonopole component. However, the nature of this effect is not understood, and it is quite possible that this coefficient results from observational errors (see, e.g., [25] ).
We have the impression that the solar activity is generated largely independently in the two hemispheres, being governed by the differential rotation and meridional flows in each. However, since the cyclic variations in the two hemispheres exhibit a general temporal and energetic similarity, we suggest that some currently unknown mechanism determines the degree of similarity of the activity-generating processes in the two hemispheres. This mechanism should be superposed on and independent of the basic generation mechanism. The north-south asymmetry is apparently a quantitative measure of the properties of this mechanism. We should recall again in this context that the degree of similarity between the time variations and the manifestation of quasibiennial oscillations in the asymmetries of various indices is higher than in the original activity indices themselves. Thus, the asymmetry remains an unresolved problem in the question of the origin of the solar magnetic field.
